To keep potato (Solanum tuberosum L.) germplasm accessions disease-free and available for use, these are conserved as in vitro microplants under tissue culture conditions. The management of in vitro plants is labor intensive due to the necessity of periodic transferring of explants to new containers and fresh medium (sub culturing). The effectiveness of MS medium supplemented with sorbitol or mannitol in conservation of potato germplasm corresponding to different genotypes from Chilean native landraces (Chilotanum group) was investigated. Growth curves for modelling, describing and predicting shoot elongation of in vitro potato plants through the time in different culture media were developed as a tool to plan subculture labor for refreshing explants to new media. In MS medium without osmotic active compounds the rate of shoot elongation (k) was 1.12-1.45 cm wk , respectively. Mortality was 0%, 13%, and 26% for such treatments. In case of mannitol, k value ranged between 0.14-0.25, 0.065-0.11 and 0.042-0.068 cm wk -1 with 3%, 6%, and 26% mortality for 20, 40, and 60 g L -1 , respectively. These data can be used to predict shoot elongation rate in different media that provide several alternatives of speed of growth. The information allows to design an adequate strategy for organizing the work in a potato germplasm bank of S. tuberosum, Chilotanum group.
INTRODUCTION
Species diversity has been shown to stimulate productivity, stability, ecosystem services, and resilience in natural and in agricultural ecosystems. Likewise, variation in food species contributing to diet has been associated with nutritional adequacy and food security. Because crop development efforts rely on the utilization of genetic resources, it is a policy imperative to ensure the conservation of and access to as wide a range of genetic diversity within these global crops as possible, along with the genotypic and phenotypic information necessary to effectively use these resources (Khoury et al., 2014) .
Potato (Solanum tuberosum L.) is the most important tuber crop worldwide, continuing to gain significance in temperate and tropical regions as a source of carbohydrates, vitamins, and minerals as well as for industrial purposes. The crop is susceptible to a wide range of biotic stresses, in particular fungal diseases and pests. A relatively low historical influx of variation has led to a genetic bottleneck within potato cultivars. Thus, the development of potato varieties with novel genetic diversity is expected to improve resistance to biotic and abiotic constraints (Castañeda-Álvarez et al., 2015) .
South American potato landraces are still highly diverse with a variety of tuber shapes, skin, and flesh colors. Depending on taxonomic treatment, S. tuberosum has been divided into the sub-species andigenum and tuberosum (Hawkes, 1990) or divided into cultivar groups: Andigenum (including diploids, triploids, and tetraploids) and Chilotanum (tetraploids) (Spooner et al., 2014) . The Chilotanum group corresponds to lowland tetraploid Chilean landraces with a geographical origin in Chiloé and the Chonos Archipelago. Hawkes (1990) proposed that it evolved from Andigenum and was introduced into southern Chile followed by adaptation to longer day lengths. Near 300 Chilean landraces have been reported and documented in catalogues and scientific articles (Contreras and Castro, 2008; Muñoz et al., 2016) . The diversity of the Chilotanum group in Chile is currently spread over different farmer communities in southern Chile, germplasm banks of the Institute of Agricultural Research (INIA), universities and private collections (Muñoz et al., 2016) . As one source of genetic variation, potato breeding programs can make use of this germplasm to improve and develop new varieties of potatoes, therefore, emphasis on improving the conservation technologies of potato is a key step in ensuring the long-term availability of genetic resources of this critical crop.
Elite parental lines/clones of potato are thus maintained through vegetative propagation rather than as true (botanical) seeds because sexual reproduction leads to segregation of the genotype. In order to keep the potato germplasm accessions disease-free, these are conserved as in vitro propagated microplants under tissue culture conditions. The management of in vitro plants is labor intensive due to the necessity of transferring explants to new containers and fresh medium after 1 to 2-mo (sub culturing), due to the depletion of the nutrients from medium and completion of the space required for the growing plant inside the container. The frequency of sub-culturing is reduced by growing the microplants on MS medium (Murashige and Skoog, 1962) supplemented with growth retardants or osmotic stress inducing polyols and incubating them under low temperature, low light intensity, and varied photoperiod (Gopal and Chauhan, 2010) .
In the present study, the effectiveness of MS medium supplemented with sorbitol or mannitol in conservation of potato germplasm corresponding to different genotypes from Chilean native landraces (Chilotanum group) was investigated. Several works have been reported researching the in vitro culture in presence of growth retardants for potatoes belonging to Andigenum group or modern varieties (Gopal and Chauhan, 2010; Shahriyar et al., 2015; Mohapatra and Batra, 2017) but scarce literature is found about the performance of Chilean landraces of Chilotanum group in presence of osmotically active compounds during in vitro culture. In this work, growth curves for modelling, describing and predicting shoot elongation of in vitro potato plants through the time in different culture media are developed as a tool to plan subculture labor for refreshing explants to new media or preparing plants for ex vitro acclimatization.
MATERIALS AND METHODS

Plant material
Three genotypes were used in the study, named CH6-13 Sofía (IN), R12-15 Clon 18 Amarillo (CO) and CH9-1 Ojos Sarcos de Cahuala (NA) from the germplasm bank of the Plant Tissue Culture Laboratory at the Instituto de Investigaciones Agropecuarias (INIA), located in Remehue, 8 km to the north of Osorno, Chile. These genotypes were kept for in vitro conservation using the Murashige and Skoog (MS) medium with 27.5 g L -1 sucrose and solidificated with 7.5 g L -1 agar. This plant material was previously introduced into the germplasm bank through the extraction of sprouts tubers and then introduced within the previously mentioned culture medium. Thereafter, potato plants were obtained.
A total of 80 in vitro free virus plantlets were required for each genotype in this investigation. The plantlets were obtained from micropropagation of the genotype plants that were already available in the germplasm bank. For this purpose, the same culture media was prepared, which consisted of 4.43 g L -1 MS medium and 27.5 g L -1 sucrose, with a pH 5.6 and 7.5 g L -1 agar. From this medium, 5 mL were extracted and distributed in 18 mm × 150 mm tubes and then sterilized for 20 min at 1.5 MPa. Nodal cuttings were removed from each plantlets, which were selected for the study, and planted in the MS culture media. This material was kept in a growth chamber at 20 °C, with a 16:8 h photoperiod and around 50 W m 2 provided by cool white fluorescent light.
Treatments
Eight culture media were prepared for the treatments, some of them with osmotic regulators as sorbitol or mannitol at different concentrations ( . Gibberelic acid was added to medium 2 because is usually used to promote shoot elongation for potato in vitro culture (Shahriyar et al., 2015) . Nodal cuttings were extracted from the mother plants and were introduced into the culture media for each test tube. Ten replicates were treated for each genotype in one medium, making a total of 80 in vitro plants per genotype and finally 240 plants under study. All treatments were applied in three genotypes. The experimental design was completely randomized with 10 replicates. All treated plant material was kept in a growth chamber at 20 °C with 16:8 h photoperiod.
The height of in vitro plantlets, mortality, proportion of senescent leaves, vitrification, and diverse abnormalities were evaluated weekly.
Monitoring of plant growing
A simple visual measurement with the help of a ruler through the walls of the test tubes was obtained to evaluate plant height. The determination of the number of roots was made counting developed roots through the walls of the tubes. All other criteria were measured through observation. All the measured and observed data were registered in a form that contained all the evaluated criteria. Weekly monitoring was carried out from week 1 to week 17, with the exception of week 13. After this period, weeks 22, 24, 27, 29, 32, and 36 were checked once a week. A record of data analysis in Excel was carried out in each analysis. Percentage of mortality, senescence and browning were recorded and expressed as percentage of explants in such condition for each media tested.
Analysis of data
The growth rates of the plants were calculated with the Gompertz growth model (Zwietering et al., 1990) , normally used to model biological systems such as plant growth.
Kinetic modeling
Considering the height of the samples (H, cm) growing in time (t), the following model equation was used (all kinetics showed sigmoidal behavior):
This equation is based on the Gompertz growth model, which gives the possibility to calculate three parameters that describe a particular sigmoidal kinetic. The maximum specific growth rate k (cm wk -1 ) and defined as the tangent in the inflection point; the lag time or delay phase f (wk) defined as the x-axis intercept of this tangent; and, A the maximal value reached (Zwietering et al., 1990) . A kinetic rate for each treatment was calculated, fitting the data to the Equation [1], with a nonlinear least squares regression.
Additionally, the variables "final length of shoot after 36 wk" and "time when maximum length is reached" measured at the end of the experiment were analyzed by factorial ANOVA test after transformation of data to natural logarithm. 
Mean comparison between treatments were performed by Tukey test at 0.05 significance. The statistical package InfoStat (Universidad Nacional de Córdoba, Córdoba, Argentina) was employed.
RESULTS
The kinetic behavior of one selected sample from Medium 1 of the genotype CO and its corresponding fitted Equation
[1] is shown in Figure 1 . All kinetics curves obtained showed the same tendency. It has to do with a sigmoidal curves behavior, with an initial delay phase, followed by the exponential phase and, finally, with a stable one. The delay phase (f) value and the kinetic rate for all treatments for CO are showed in the Table 2 .
In Figure 2 , the kinetic behavior of one selected sample of Medium 8 of the genotype IN and its corresponding fitted Equation [1] is shown. The f value and the kinetic rate for all treatments for IN are showed in the Table 3 .
In Figure 3 , the kinetic behavior of one selected sample from Medium 5 of the genotype NA and its corresponding fitted Equation [1] is shown. The f value and the kinetic rate for all treatments for NA data are showed in the Table 4 .
There is a clear tendency of the k value to decrease when the concentration of the osmotic regulators are higher. Media 3, 4, 5, 6, 7, and 8, with 20, 40 , and 60 g L -1 sorbitol and mannitol, respectively, showed significantly lower rate of growing than media without growth regulators. In MS medium without osmotic active compounds the lower rate of shoot elongation (k) was 1.12 for IN and the highest rate was 1.45 cm wk -1 for NA with 0% mortality. The addition of gibberelic Treatments (medium) f value k acid 0.2 mg L -1 in medium 2 (used to promote faster shoot elongation) did not produce significant differences with respect to medium 1. In media supplemented with 20, 40, and 60 g L -1 sorbitol, k value ranged between 0.58-0.35, 0.42-0.27 and 0.09-0.05 cm wk -1 , respectively, where the highest values correspond to genotype IN and the lowest values were always showed by NA. Mortality was 0%, 13%, and 26% for such treatments in average for the three genotypes.
In media supplemented with mannitol, k value ranged between 0.14-0.25, 0.065-0.11 and 0.042-0.068 cm wk -1 with 3%, 6%, and 26% mortality for 20, 40, and 60 g L -1 , respectively (Tables 2, 3, 4 and 6). Highest and lowest values were reached indistinctly by the three genotypes.
The composition of culture medium factor had a significant effect on the variable final shoot length (p < 0.01). The media number 8 and 5 showed the lower growth of the explants and media 1, 2, and 3 the higher shoots. The media 4, 6, and 7 displayed less growth not reaching the whole capacity of the container allowing a more extended period before transferring the explant to a new tube (Table 5) . Media 4 and 6 caused low mortality and abnormalities (Table 6) in the growing explant with a significant reduction of growing rate (5.65 and 4.29 cm length after 36 wk, average for three genotypes) (Table 5) . Medium 3 (growing rate 7.96 cm) produced no mortality with some reduction of final growth at the end of the experiment but nonsignificant with respect to media 1 (9.5 cm) and 2 (9.0 cm) without osmotic retardant.
In the same way, the Genotype factor had also a significant effect in such variable. There was a significant Medium composition × Genotype interaction (p < 0.01). Genotype NA showed less growth with respect to the other genotypes (4.45 cm length for the average of all the media tested) whereas genotypes IN and CO reached 5.34 and 5.52 cm with nonsignificant difference between them. Over the variable time when maximum length is reached factor, medium composition had a significant effect (p < 0.01). Genotype did not show a significant influence on this variable; however, there was an interaction between both factors. In media 1 and 2 the explants reached the whole capacity in the flask in 9.87 and 11.17 wk, with 9 cm length reaching the top of the container (Table 7) . While in medium 3, the explants completed the whole capacity of the container in 24 wk with no mortality or browning of the explants. In media 4, 5, 6, 7, and 8 the growing of the explants never achieved the length to complete the capacity of the flask (10 cm tall) in 36 wk of culture. However, in these media there was mortality, browning and senescence of the explants. Percentage of mortality in media 4, 5, 6, 7, and 8 reached 13%, 26%, 3%, 6%, and 26%, respectively (Table 6 ).
DISCUSSION
Slow growth storage (also called 'medium-term conservation' or 'minimal growth storage') is based on the reduction of the metabolic activity (i.e., growth rate) of in vitro shoot cultures by maintaining them on 'modified culture conditions'. The consequence is the extension of the intervals between periodic subcultures (from once in a month to once per year or more, depending on the species) of in vitro shoot cultures without negatively affecting their viability and regrowth potential in post-conservation. In this way, manual labor, cost of tissue culture applications and the risk of contamination during periodic transfers are reduced too (Ozudogru et al., 2017) . A different letter is indicative of a significant difference at 95% of confidence. n varies across the media because mortality of the explants in some of them. For treatment details see Table 1 . Both osmotic active compounds, sorbitol and mannitol, produced a reduced growth in the three Chilean native genotypes. The purpose of the treatments applied in this work was the induction of the controlled osmotic stress for delay conservation period. As the concentration increased from 20 to 60 g L -1 the growth rate was diminished. However, the percentage of mortality of explants was higher with 60 g L -1
, either in sorbitol or mannitol reaching 26.6% with such concentration. An ideal osmotic agent would be non-toxic, non-penetrating yet reducing the osmotic potential of the medium (Bündig et al., 2016) . Increases in acyclic polyols such as mannitol and sorbitol have been observed in response to stress in many plants. These compounds can act as osmoregulators as well as oxygen radical scavengers. Osmotic adjustment might include metabolites such as proline, betaine, mannitol and sorbitol (Moradi et al., 2017) . At concentration of 60 g L -1 mannitol or sorbitol is evident that plant was submitted to toxic and stressful conditions. Works in proteomics analysis of in vitro grown plants exposed to mannitol indicated that mechanisms that mediate responses to salt-and mannitol-induced stress were different and dependent on tissue type (Balen et al., 2013) . Tissues exposed to the highest concentrations of both stressors showed signs of protein degradation, which was most pronounced in tissues treated with 700 mM mannitol. Exposure to mannitol down-regulated the expression of 11 proteins when compared to control tissue. Analysis of responsiveness of callus proteins to either salt or mannitol revealed that mannitol treatment induced changes in expression of 60% proteins, among which the equal number was up-and down-regulated. Osmotic stress provoked by mannitol induced the synthesis of 12 proteins while the same treatment decreased the synthesis of 16 proteins. Energy category was represented with 22% of all identified proteins among which two out of four proteins were up-regulated (both identified as partial RuBisCO large subunits) in response to salinity as well as mannitol. Metabolism as well as oxidation and detoxification classes were represented with 11% of identified proteins out of which three were mannitol responsive (alpha amylase, cytosolic glyceraldehyde-3 phosphate dehydrogenase and catalase) and mostly upregulated. Down-regulation of proteins involved in cell protection suggests the inability of tissues to activate protective processes against salinity and osmotic stress. However, unique flexibility of plant carbohydrate and energy metabolism may help in coping with unavoidable environmental stresses (Rogic et al., 2015) . Mannitol can induce an effect similar to drought conditions in plants (Chutipaijit, 2016) .
The treatments of 20 g L -1 with sorbitol produced no mortality and no abnormalities (senescence or browning) with reduction in growth rate (Tables 2, 3 , 4 and 6) in the three genotypes under study. Although nonsignificant reduction in final length at the end of the experiments was found, the significant reduction of rate of growing (cm wk -1 ) shows a successful result in the extension of the intervals to reach the complete capacity of the container and increase the period between periodic subcultures of in vitro shoot cultures without negatively affecting their viability. With mannitol some mortality was showed (3.3%). Thinking in a more significant retardation of growing, concentrations of 40% of sorbitol and mannitol seems to be useful with acceptable levels of mortalities and abnormalities (13% and 6% mortality in sorbitol and mannitol, respectively) but this will depend on the quantity of available plant material. In case of scarce plant material or severely endangered accessions it could not be recommended to use 40 g L -1 because of the probability to lose some plants in the process. As an alternative or complement to the use of osmotically active compounds (e.g., mannitol and sorbitol), the reduction of metabolic activity can be achieved by using cold storage, growth retardants (e.g., chlorocholine chloride and abscisic acid), osmotically or reduced mineral concentration in the culture medium (Corredoira et al., 2017) . Genotype and quality of the shoot cultures, as well as the sucrose concentration in the culture medium and the use of various types of culture containers, differing in their gas permeability are among other factors affecting markedly the maximum storage period of shoot cultures (Ozudogru et al., 2017) . These other factors can be tested in further experiments to optimize the protocol of medium term storage for Chilean native potatoes, however this work is very useful to provide a clear description, modelling of growing and behavior under osmotic actively compounds to delay the conservation period before subculturing in order to help and to ease the conservation process of this type of germplasm.
Sorbitol, a six-C sugar alcohol, serves as a primary photosynthate, and translocation and storage substance in plants (Singh et al., 2015) . Lemos and Baker (1998) showed that sorbitol induced shoot initiation and callus formation on internodal explants, but mannitol did not. These authors suggested that the roles of sorbitol may extend beyond those of a C source or osmotic regulator. It was suggested that sorbitol might alter molecular and physiological processes via chemical signaling, rather than by its role as a C source or osmotic regulator (Feng et al., 2011) . In this research, at the same concentration, the growing in presence of sorbitol was faster than in mannitol, with significant differences in final length and time in reaching the maximum length. This suggests that sorbitol has some effects that allow or even promote some type of growing of cellular divisions, whereas mannitol is more restrictive to plant growth over Chilean native germplasm. Bündig et al. (2016) demonstrate that two potato genotypes, divergently reacting to 0.2 M sorbitol in vitro act differently with the applied stress. The authors suggest that the tolerant genotype might have adapted to the applied stress in vitro after 11 d, whereas the sensitive genotype still suffers from osmotic stress and takes countermeasures in building up new metabolites and proteins for protection. It was found that both genotypes displayed an uptake sorbitol. But it is unknow if it is also metabolized or only stored in potatoes (Bündig et al., 2016) . In our work there were differences due the genotype factor in response to the treatments but the magnitude of the differences in growing are not as marked as the differences produced by the concentration of osmotic agent. Only the variable final length of shoot was affected by the genotype factor. The behavior of the explants was similar over the three genotypes tested as to reference to time when maximum length is reached (p > 0.05) and growth rates changes in the different media treatments (Tables 2, 3, 4 and Figures, 1, 2, 3) .
The use of different media provides alternatives to address the in vitro culture of Chilean native potato germplasm. Depending on the purpose of the in vitro culture, different speed of growing could be needed to achieve the objectives of the different steps of germplasm management. For example, to obtain a fast growth of plant material before massive transplant of plants in greenhouses or even field conditions, the medium 1 or 2 (Table 1 ) can be applied. The rates of growth described in this study can be used to predict shoot elongation, to control timing of propagation and to calculate culture media, flask, hand labor, necessary human resources and the number of plants or multiplication units potentially reachable in some period. For another step of germplasm management, in case of a more prolonged conservation, with no immediate requirement of multiplication, media 3, 4, 6, and 7 can be used to reduce resources expenses and to keep potato material for longer periods as slow growth storage. The curves of growth and rates of shoot elongation can be applied to elaborate a conservation and planning strategy for the assignment of resources and possibilities of conservation times.
CONCLUSIONS
The addition of mannitol and sorbitol to culture media allows to reduce the rate of growth in Chilotanum potato germplasm. The rate of growing is drastically affected by the presence of these compound and concentration in the culture media. Sorbitol at 20 g L -1 is appropriated for medium term storage of the mentioned germplasm with significative reduction of rate of growing without mortality or abnormalities. This protocol can be used for conservation of collections of Chilean potatoes. An even higher reduction in growing can be achieved with 40 or 60 g L -1 sorbitol or mannitol added in the culture medium but mortality start to appear and it can reach 26% in the higher concentration for both regulators, such conditions are not recommended. Improvements of this protocol can be achieved by the study of low temperature or lower intensity light treatments in further experiments.
From this study, curves to predict in vitro growth over time for Chilotanum germplasm in different culture media are available for using in active potato bank operation.
